Background: The iodine supply of the population in Berlin has normalized during the last 5 years. Therefore autoimmune thyroiditis has become the most important differential diagnosis in children and adolescents with goiter. Objective: The aim of the present study was to define the prevalence of anti-thyroid peroxidase (TPO) antibodies and autoimmune thyroiditis in children and adolescents with a normalized iodine intake. Design: To enable the measurement of antibodies to thyroid peroxidase (anti-TPO-Ab) in a large cohort, a method to determine anti-TPO-Ab in dried filter paper blood spots was established. In co-operation with pediatricians the antibody prevalence was assessed and data regarding thyroid size, echostructure and the medical history concerning iodine intake and familial thyroid diseases were collected. Methods: 660 children and adolescents participated in the study; urinary iodine, TSH and TPO-Ab were measured and an ultrasound of the thyroid gland was performed. Results: The sensitivity of the newly established filter paper assay was 91.8% and specificity was 100%. The results confirmed the improved iodine supply, with a median urinary iodine concentration of 139 mg iodine/g creatinine. The prevalence of anti-TPO-Ab was 3.4% with a female to male ratio of 2.7:1. Conclusion: The prevalence of anti-TPO-Ab is lower or equal to data reported from other iodine sufficient areas. Data from a moderate iodine deficiency in schoolchildren range from 0.0 to 7.3%. Using the new filter paper method field studies can be implemented to monitor the effect of changes in iodine nutrition on thyroid autoimmunity. Furthermore, this study on the prevalence of anti-TPO-Ab in a cohort of healthy children and adolescents in an iodine replete area can serve as reference data for future investigations and for the comparison with other groups of patients with increased risks for thyroid autoimmunity.
Introduction
Iodine supply in Germany has improved during the last 5 years due to several efforts to increase iodine in nutrition, e.g. the use of iodized salts in bakeries as well as in the meat and food processing industries. As late as 1993 the Federal Republic of Germany was considered an iodine deficient area (grade I to grade II according to the World Health Organisation (WHO) criteria (1)) with a median urinary iodine concentration of less than 50 -100 mg iodine/g creatinine (grade I) or less than 25 -50 mg iodine/g creatinine (grade II) (2) . In contrast to some regions in Germany iodine supply has normalized in Berlin as demonstrated in newborns (3) and schoolchildren (4) , which has resulted in a decrease in thyroid volumes and a very low frequency of goiter (4) . Therefore, it can be assumed that with a normalized iodine intake causes other than iodine deficiency have to be considered in children and adolescents with thyroid enlargement. The most frequent cause of juvenile goiter in populations with a normal iodine intake is proliferate autoimmune thyroiditis (Hashimoto's thyroiditis) (5) .
The etiology of autoimmune thyroiditis (AIT) remains unclear. Predisposing genetic factors (6) seem to be evident, but environmental factors (7) such as stress (8, 9) , infections, trauma, smoking (10) , drugs and nutrition, especially an increased iodine supply, as well as an increased age have also been shown to be conclusively linked to AIT. A four to seven times increased prevalence is observed in females (11), strongly indicating hormonal influences (12, 13) .
In addition, iodine plays a key role in the manifestation of AIT (14) , as substantiated by experimental (15) (16) (17) (18) and epidemiological studies (19 -23) . So far, no studies have been presented that have assessed the influence of the increased iodine intake on the prevalence of anti-thyroid peroxidase (TPO) antibodies and autoimmune thyroiditis in a prospective study in the German population. Since scanty data are available in the literature on the prevalence of anti-TPO antibodies in children and adolescents without an increased risk for autoimmunity, we decided to assess the iodine excretion as well as the prevalence of anti-TPO antibodies in a large cohort of healthy children and adolescents. Moreover, these data were correlated to the results of ultrasound studies. In order to include a large number of patients a method for the measurement of antibodies to thyroid peroxidase (anti-TPOAb) in blood spots was established.
Materials and methods

Probands
The study was carried out from 1998 to 2000 in the city area of Berlin including children and adolescents living in the urban area. In co-operation with 15 local pediatricians data were collected from 660 volunteer children and adolescents, in whom a routine blood test, e.g. for cholesterol, blood counts and postvaccine antibody titers etc., became necessary. Informed consent was obtained and the study was approved by the local ethical committee. The ages ranged from 1 to 19 years, but most of the children (73.6%) were aged between 9 and 14 years (median 11 years). Of the total, 293 were male (median age 12 years) and 367 were female (median age 11 years). Thyrotropin (TSH) and TPO measurements were completed in 648 probands, urinary iodine was measured in 540 probands and an ultrasound study was performed in 461 probands.
Methods
Questionnaire A questionnaire was filled out requesting date of birth, height, weight, familial thyroid disorders and iodine supplementation as well as underlying or chronic diseases.
Ultrasound study Sonography and measurements of thyroid volumes were carried out only by experienced pediatricians. Thyroid volume was assessed according to Brunn et al. (24) . In both lobes length, width and depth were measured and volume was calculated with the following formula: volume of one lobe ðmlÞ ¼ length £ width £ depth £ 0:479
Our own data of 1200 Berlin schoolchildren, which had been published previously (4), were used as agerelated reference values. An altered echostructure was reported with special respect to an inhomogeneous echopattern typical for AIT.
Urinary iodine concentrations Iodine in urine was measured by the method of Sandel and Kolthoff (25) and was calculated as mg iodine to g creatinine (mg I/g crea). A normal iodine intake is assumed with a concentration exceeding 100 mg I/g creatinine (2). Concentrations above 500 mg iodine/g creatinine were regarded as contamination.
TSH determination TSH was measured in dried filter paper blood spots using an assay for neonatal screening -DELFIA Neonatal hTSH Test (Fa. Wallac Oy, Turku, Finland). TSH values above 4 mU/l were regarded as suspicious for an impaired thyroid function. For the blood spot assay the sensitivity is calculated till a value of # 10 mU/l as normal.
Determination of anti-TPO antibodies in dried blood spots For the determination of anti-TPO-Ab a commercially available radioimmunoassay (RIA) DYNO test anti-TPO-Ab (Fa. BRAHMS, Berlin, Germany) for the quantitative measurement in serum was modified and adapted to the measurement in dried filter paper blood spots. Standards and controls (KI 150 U/ml; KII 640 U/ml) were established in whole antibody-free blood.
The cut-off for positivity was set at 100 U/ml. The samples were measured in duplicate, quality criteria were assessed with 80 samples comparing serum and filter paper results.
Statistical analysis
For statistical analysis we used SPSS 7.5 for Windows (Statistical Package for Social Sciences). Significant differences were assessed with the Mann-Whitney U test or in the presence of a normal distribution with the Student's t-test. Correlations were calculated according to Pearson.
Results
Anti-TPO-Ab assay
The comparison of 80 samples with measurement of anti-TPO-Ab concentrations in serum and filter paper specimens revealed a specificity of 100% (all negative samples had a negative test result), a sensitivity of 91.94% (four positive serum samples with a titer between 100 and 134 U/ml were not found in the spot assay), a positive predictive value of 100% (the positive spot results are associated with a positive patient) and a negative predictive value of 88.57% (the negative spot result is associated with a negative patient). In 45 positive samples a correlation of 0.927, with a regression equation of filter paper spot = 0.913 £ serum 2 32 284 was found. In Fig. 1 the regression curve and the 95% confidence intervals are illustrated.
The 20-times determination of samples with different antibody concentrations revealed an intra-assay coefficient of variation of 1.7 -2.7%, and in 17 subsequent assays an interassay coefficient of variation of 1.5 -5.7% was found.
Epidemiological study
Urinary iodine concentrations The median urinary iodine concentration was 139 mg I/g creatinine without a significant difference between males and females. Of the probands 23.5% had a concentration below 100 mg I/g creatinine indicating iodine deficiency according to the 1973 WHO standard (1). The iodine concentration of the probands is demonstrated in Fig. 2 . A urinary iodine concentration . 500 mg I/g creatinine was present in 17% of the probands and was regarded as contamination.
Iodine supplementation In 83.8% of families iodized household salt was used and daily iodine tablets containing 100 mg I/tablet were used by 5.3% of the probands.
Ultrasound study In 22% of all probands the thyroid volumes exceeded the reference values (mean+2 S.D.) of normal schoolchildren of the same area (4), which might indicate selection of children and adolescents with increased neck volumes by the investigators. Using the WHO references only 9.3% of the probands had an enlarged thyroid. The mean thyroid volume together with the standard deviation and the 25 -75% percentile, and with the reference ranges are shown in a box blot diagram in Fig. 3 . An altered echostructure was present in 10.3% of the probands including small cystic lesions, inhomogeneous structure, and hyper-or hypoechogenicity.
TSH In 2.5% of the probands the TSH concentration in dried filter paper blood spots was . 4 mU/l. A clear indication for hypothyroidism with a concentration . 10 mU/l was found in only 0.8%. The median TSH level was 1.1 mU/l without age-or gender-related differences.
Prevalence of anti-TPO antibodies and autoimmune thyroiditis in children and adolescents
Anti-TPO-Ab (. 100 U/ml) were found in 22 children and adolescents resulting in a prevalence of 3.4%. In females the prevalence was 2.7 times higher than in males (male:female ratio 6:16). The age and gender distribution of probands with positive anti-TPO-Ab is illustrated in Fig. 4 . The median age of patients with positive anti-TPO-Ab was 12 years. The median anti-TPO-Ab concentration was 765 U/l (range: 110.3000 U/l, see Fig. 5 ).
The urinary iodine concentration in probands with anti-TPO-Ab was 148 mg I/g creatinine compared with 139 mg I/g creatinine in the other probands. Thirtythree percent (n = 5) had a urinary iodine concentration below 100 mg I/g creatinine (range 51 -97 mg I/g creatinine), which could indicate an iodine deficiency according to the 1973 WHO standard (1) .
Of the anti-TPO-Ab positive probands 91% used iodized salt; iodine tablets were not used in this group of probands. In eight of the 22 patients with anti-TPO-Ab no valid ultrasound investigation was available. Twelve of 14 (86%) probands with positive antibodies and volume measured by ultrasound had an increased thyroid volume compared with the reference data (4). The median thyroid volume (4.6 ml) of the anti-TPO-Ab negative probands was significantly different to the median thyroid volume (7.6 ml) of anti-TPO-Ab positive patients (P , 0.001).
The echostructure of 12 anti-TPO-Ab positive patients revealed the typical findings of autoimmune thyroiditis with an inhomogeneous structure and scattered hypoechogenicity. Summarizing, one child of the positive anti-TPO-Ab patients had no sonographic sign of an AIT, another child had only an increased thyroid volume without any other sonographic signs. Thus the frequency of AIT in the study population defined by positive antibodies combined with pathological ultrasound findings, e.g. increased volume and scattered hypoechogenicity, was 3.0%. Sixty percent of the probands with positive autoantibodies had a history of familial thyroid disorders compared with 42% in antibody negative probands.
A TSH concentration . 4 mU/l (4.5 -146 mU/l) was found in 5 (23%) and . 10 mU/l (11 -146 mU/l) in 3 (14%) patients with increased antibodies, with a significant correlation of TSH levels with anti-TPO-Ab titers (r ¼ 0.524; P , 0.05). 
Discussion
The goals of this pilot study were to assess the practicality of anti-TPO-Ab determination in dried filter paper blood spots and to get an estimate of the frequency of anti-TPO-Ab in healthy children and adolescents in an iodine replete area. However, since the selection of probands was performed by different local pediatricians, it cannot be excluded that a certain selection bias towards children with the appearance of enlarged thyroids exists, reflected by the high frequency (22%) of increased thyroid volumes compared with previous reference data (4). According to the WHO standard thyroid volumes for the assessment of iodine deficiency (26) only 9.3% of the probands had an enlarged thyroid. The newly established method for the anti-TPOAb determination may now serve as a tool for large prospective field studies in different countries.
The median urinary iodine concentration of 139 mg iodine/g creatinine in these children and adolescents was comparable or even higher than in previous German studies (4, 27) . A sufficient iodine supply in Berlin is also reflected by the goiter prevalence in the reference data of less than 10% as compared with WHO standards (26) . This trend towards a normalization of iodine supply has been recognized also in other parts of Germany (28 -30) .
To estimate the anti-TPO-Ab prevalence and autoimmune thyroiditis in children and adolescents (31, 32) , a simple method for the determination of anti-TPO-Ab in dried filter paper blood specimens with a high specificity and, for screening purposes, sufficient sensitivity was established. The cut-off of 100 U/ml of this screening kit is acceptable, since clinically relevant forms of autoimmune thyroiditis in children and adolescents present with anti-TPO-Ab titers well above 200 -400 U/ml using conventional tests (33) .
So far few data of thyroid autoimmunity in large cohorts of children and adolescents are available. Only three recent studies reporting results of antibody concentrations in serum have been performed. However, only one Swedish study, reporting a frequency of 8% in a total population of 59 schoolchildren (34), measured anti-TPO-Ab with a sensitive immunological method, while another study from India, which described the prevalence of 7.2% in a large group of 1810 girls who were selected because of a goiter, only measured microsomal antibodies (35) . The third study which took place in Sardinia with moderate iodine deficiency measured also microsomal or anti-TPO-Ab with a prevalence rate of 2.92%, ranging from 0.0 to 7.3% depending on the community (36) . The interpretation of these data in relation to this study is difficult as in Sardinia the prevalence of autoimmune diseases, e.g. insulin dependent diabetes mellitus is one of the highest in Europe (37) . In this study in healthy children with no increased risk for autoimmunity a prevalence of positive anti-TPO-Ab of 3.4% with an increased frequency in girls (male to female ratio of 1:2.7) is described which is also lower than in adults of iodine replete areas. Previous studies in adults have found a prevalence of up to 8% with a male to female ratio of 1:2.1 (38, 39) . In contrast, the prevalence in young adults was 3.38% to 6.5% (40) . The prevalence of the anti-TPO-Ab determined in this study, therefore, is low compared with data from adults or aged populations and is similar to the prevalence in children as reported by Loviselli et al. (36) . It cannot be excluded that with a more sensitive assay and serum determinations the frequency would have been higher. However, the relevance of low anti-TPO-Ab titers for thyroid diseases in children and adolescents is controversially discussed.
The further investigation of the children and adolescents with positive antibodies revealed a slightly higher urinary iodine concentration compared with the antibody negative group; however this difference did not reach statistical significance. There was also a trend towards a more frequent family history of thyroid disease but again without statistical significance, which might be due to the relatively small number of children with positive antibodies (n = 22).
Increased thyroid volume with typical lesions for autoimmune thyroiditis were found in 86% of the anti-TPO-Ab positive children and adolescents. A highly significant difference (7.6 ml vs 4.6 ml; P , 0.001) was found between the median thyroid volume of antibody positive and antibody negative children. These are the leading symptoms of autoimmune thyroiditis in childhood and adolescence (41) . Despite these findings, in 77% of the children with positive anti-TPO-Ab titers TSH was normal indicating a euthyroid state. Similar findings for TSH have been published previously (42) , but as in other studies (38) we found a significant positive correlation (r = 0.524) of TSH levels and anti-TPO-Ab titers. This is compatible with the general finding that autoimmune thyroiditis in children is usually benign and without symptoms of hypo-or hyperthyroidism despite slightly elevated TSH levels (43) . Spontaneous remission without treatment is frequent (44, 45) .
We have confirmed the data indicating a normalization of iodine supply in schoolchildren and adolescents in Berlin. The reference data on anti-TPO-Ab prevalence (3.4%) demonstrate a frequency comparable to young adults. The method used in this study is a useful tool for performing further prospective field studies to monitor the prevalence of autoimmune thyroiditis in the presence of a changing iodine supply.
